Major leakages occurred during the last years demonstrate the risk involved with older pipeline systems in Eastern Europe and the FSU, which for the most part are not operated and maintained in accordance with nowadays safety standards.
Introduction
Pipelines are recognized as the safest method of delivering energy. However, pipelines, like all engineering plant can, and do, fail. All pipeline systems are subject to loads and environmental effects which may cause them to become degraded with the passage of time. Pipelines may suffer degradation from a variety of causes, including corrosion, mechanical damage, fatigue and stress cracking corrosion.
Major leakages that occurred in Eastern Europe and the FSU during the last years demonstrate the risk involved with older, degraded pipeline systems. The possible consequences are serious damages to human health and environment in general, endangered potable water supply and enormous Financial losses due to high costs for emergency repair and clean-up as well as loss of production revenues during shut down of the line. A single pipeline failure can cost tens of millions of Dollars if it occurs in an environmentally sensitive area.
Crude oil supplies from the Russian Federation and other countries from the former FSU however remains one of the most critical primary energy sources for Europe. It can be concluded that it is of vital importance both for producers and customers to avoid disruption of energy supply due to unsafe infrastructure, and to assure sustainable crude supply from the former FSU.
In order to achieve this target, an overall strategy to maintain safe and reliable operation of the respective pipeline network is necessary. This paper highlights the importance of inspection and rehabilitation of older pipelines in the former FSU in this context, which for the most part are not operated and maintained in accordance with nowadays safety aspects. By the example of two actual rehabilitation projects in the area under consideration, the different approaches, actual problems faced and the respective lessons learned are detailed.
The map attached at the following page provides an overview on the location of the two case studies under consideration (Fig. 2 , Overview map)
Reasons for Inspection and Rehabilitation of pipelines
Every technical plant follows a "bath tub" failure probability curve, as shown in the figure below:
The curve indicates that during a structure's design life the highest failure probability occurs when the structure is new, or when it is old. Accordingly, pipelines also have high failure rates early after construction (e.g. during hydrotest), and then again later in life (e.g. due to corrosion or stress fatigue). Inspection of a pipeline will identify possible negative developments early enough to implement the relevant corrective measures before failure of the whole system, and will therefore help to extend the low probability portion of the above failure curve as long as technically feasible and economically justified.
Besides the economic aspects involved with pipeline failures, the mostly hazardous media being transported via pipelines also determines that the system has to serve high safety and reliability standards. Pipeline failures rarely cause fatalities to the public, but they can disrupt an operator's business either by loss of supply of by the possibly extremely high costs for system repair and remediation of damages to the environment.
Moreover, regular inspection can reduce the costs for regular maintenance, since these measures can be scheduled on real system condition rather than on estimated wear-out figures. This can also demonstrate the safety and reliability of the system to regulatory authorities, avoiding e.g. more costly hydrostatic pressure tests. Therefore, the main reasons for inspection and rehabilitation of pipelines are:
-to minimize the risk of occurrence of leaks; -to increase system reliability; -to reduce costs for regular maintenance and other preventive measures to assure safe operation; -to ensure long and profitable system life; to revitalize redundant lines e.g. for alternative service. The nature and extent of measures to be considered of course have to be optimized individually, but in general for every system there is an optimum where inspection and rehabilitation measures are economically justified.
In the following, the specific situation encountered with two actual rehabilitation projects in the FSU are presented.
Actual Rehabilitation Projects in the FSU

Crude Oil Pipeline Kharvaoa -Usinsk
The system is located in the Republic Komi (Russian Federation) at the Northern Polar Circle, West of the Ural. The pipeline is owned and operated by subsidiaries of KomiTEK, the regional oil production association, and carries crude oil from the Kharyaga fields southwards to Usinsk.
At six major feed-in points crude is being delivered to the main line, with a remaining produced water content of partly above 20%. The pour point of the transport medium is around 20°C, resulting in highly problematic "cold start" conditions. Especially during the winter season it is not possible to shut down the line for a longer period of time.
In Usinsk the crude is being treated for achieving "sales quality" and then being further transported to the Ukhta refinery via the Transneft system. The total length of the pipeline is approx. 148 km, it consists of a northern 12" section (38 km long) and a southern 20" section (110 km long), the actual transport capacity is approx. 900 m3/h. The pipeline system was built in stages commencing in the mid 1970's from Usinsk extending further north, ultimately reaching the Kharyaga field in the mid 1980's.
The pipeline has had a history of failures for many years. However, during the mid 1990's the leaks started to become more significant and numerous major leaks occurred, which has been so severe that the Russian Government has been granted an emergency loan from the International Bank for Reconstruction and Development (IBRD, or "The World Bank"). Although no exact figures on the spilled volumes are available, serious estimates range at a total of 250.000 m3 of oil spilled in the tundra. There was a big risk that major amounts of oil could reach the Kolva River, the primary source for potable water for the whole region. Moreover, the spilled oil could have even reached the Barents Sea via the Kolva and Pechora Rivers, consequently causing enormous damages to the environment in a wider extent. This situation however could have been avoided.
The aim of the IBRD loan was to set up a remediation program to mitigate the consequences of the oil spills, and to establish a pipeline that has an acceptable and maintainable level of risk.
As part of this program, our company ILF Consulting Engineers have been awarded with the Engineering-and Inspection Services anticipated to develop a comprehensive program of remediation to bring the pipeline up to appropriate standards of integrity.
The scope of work included:
-Assessment and improvement of pipeline integrity; -Assessment and improvement of operating conditions; -Engineering and supervision of repair works, commissioning and support during initial operation of new facilities; -Technical assistance and training.
During performance of the works it further was decided not to concentrate all efforts only on that very system, but to extend the scope of work and to perform a detailed risk assessment also of all other oil pipelines in the region.
The major reason for implementation of rehabilitation measures therefore was to maintain an acceptable level of risk on a pipeline transporting a corrosive transport medium with problematic rheological properties in a highly sensitive and remote area.
The chosen approach was to improve in parallel the basic integrity (primary safety aspects):
-external inspection of condition of pipeline coating and effectiveness of cathodic protection system, -internal inspection by means of intelligent tools, -repair or replacement of damaged sections, and the operating environment of the pipeline (secondary safety aspects):
-setting up appropriate organizational structures for operation and maintenance, -elaboration of procedures for preventive maintenance and emergency response, -improvement of fluid quantity by installation of appropriate treatment facilities, -implementation of a customized system for remote monitoring and control, -installation of a preliminary leak detection system on basis of ultrasonic flowmetering, This required close cooperation between all parties involved, and it succeeded to set up an integrated project team between client and engineering contractor both at the working level and the management.
Specific problems faced especially during the initial project phase were: -No clear responsibilities for operation and maintenance of the whole system. At the beginning it was not defined who the operator of the pipeline is. -Unclear operating procedures resulted in uncertainty in pipeline operation. In many cases the operating crew did not have a clear understanding of the actual status of the individual components the respective system consists of. -The typical approach concerning system design in the FSU to standardize the individual equipment or subsystems rather than engineering a customized approach did not consider the specific requirements caused by the highly problematic oil-water mixture. -The lack of reliable as-built documentation, maps, hydraulic profiles, marketing of ROW, etc. complicated the assessment of the actual system status. -Extensive additional time was required to make the line pigable. The high paraffin content moreover complicated the successful run of intelligent tools. -Last not least, finding sufficient financing for implementation of all required measures was and still is problematic.
-No further pipeline raptures occurred, a reasonable status concerning pipeline integrity is maintained.
-Clear organizational structures have been established, which are working successfully.
-The operator got a clear picture on important parameters like the maximum allowable shut-down time as a function of the actual crude mixture in the line, which was not available up until now. -A preliminary line balancing system for leak detection purposes has been realized with with very low investment despite of the lack of a centralized supervisory control system.
The following summarizes briefly the "Lessons learned" during performance of the project services:
-Establishment of clear organizational structures is most important for time-and cost efficient project implementation. -Costly State-of-the-art solutions often do not work. Customized approaches considering the specific requirements are to be preferred. -Concerning the relationship between all parties involved, the definition of clear interfaces and responsibilities concerning contractual and procurement related issues is difficult, but absolutely necessary
Crude Oil Pipeline System "Drushba", Czech Republic
The Drushba pipeline system carries crude oil from Russia FSU states to Western Europe, and therefore is of high strategic importance both for exporters and importers.
The pipeline system originates in Samara, the center of the oil production region in the Wolga-Ural basin and is connected both with oil fields around the Caspian Sea and -via Tjumen -with the oil fields of the West Siberian basin around Surgut.
The system runs from Samara in a westerly direction to Unecha near the Belorussian border where a pipeline branches off and runs to the port of Ventspils. A further southern branch runs via the Ukraine Hungary and Slovakia to Litvinov in Bohemia. The northern part runs via Poland to Schwedt in Germany. An offtake pipeline runs to the port of Danzig, whereas the main pipeline continues from Schwedt to the Leuna refinery. Via a further branch, Schwedt is connected to the port of Rostock.
The total length of the system between Samara and Schwedt is around 2.700 km, of which approx. 1300 km are in Russia, 730 km in Belorassia and 700 km in Poland. It was built in phases during the 1960's and 1970's according to Russian standards.
The scope of work for rehabilitation of the Czech section of the system concentrates on measures to enhance efficiency and safety of operation of this important link to supply Western Europe with crude oil resources from the FSU.
The main measures taken are: -Installation of a new telecommunication system, including a 450 km glassfiber-link along the pipeline ROW; -Provision of a new system for Supervisory Control and Data Acquisition (SCADA) to allow for central monitoring and control of the system from the (also newly constructed) central control center at Nelahozevez; -Optimization of number and location of the line valve stations, considering possible leak quantities and leak impact; -Comprehensive repair and rehabilitation of defective system components; -Installation of new facilities which nowadays are considered mandatory, e.g. slop tanks in stations.
Since the telecommunication system can also be used to improve the whole communication infrastructure of the Czech Republic, respective measures to serve such purpose are actually being considered.
The problems faced during project implementation are quite similar to those described for the Crude Oil Pipeline Kharyaga -Usinsk above, especially regarding the budgetary constraints.
As a result o f this project, the overall system reliability could have been improved significantly.
C o n c lu s io n
The general problem faced not only in the Eastern hemisphere is that pipeline operators are increasingly confronted with the negative consequences of aging systems, such as reduced system reliability, increased costs for maintenance and repair measures and the risk of leakages due to corrosion or other system failures.
Inspection, rehabilitation and improvement of the operating environment of existing pipelines can significantly reduce the risk of environmental pollution an bring long term economic sustainability. Using the experience gained through actual projects and with an individually well considered approach, a rehabilitation project can be adequately assessed and carried out to ensure optimum deferred expenditure throughout the life of the project while meeting all relevant environmental and safety requirements.
Investments in inspection and rehabilitation of pipeline systems in the former FSU is part of a series of activities to fulfil the economy's growing demand for energy resources, to improve safety, increase efficiency and flexibility of transportation and storage of hydrocarbons and, in particular, to protect the environment.
A reasonable approach to reach this target is to quantify the failure probability of the respective system, to identify the highest acceptable niveau of this figure under consideration of all relevant individual parameters, and to take all relevant technical and organizational measures to ensure that the actual failure probability does not exceed this figure.
The costs incurred for this will increase with the passage of time, and the total expenditures for rehabilitation of an "old" system have to be optimized in order to find the optimum economic life time for the respective plant (i.e. to identify the date when it is to be preferred to construct a new system).
Our company is working on an overall strategy tool for efficient decision taking in this sector, based also on know-how gained in actual projects and on consultation with external expert groups.
